Purpose Although the short-and mid-term outcomes of ACL reconstruction with a hamstring graft are promising, clinical investigations reporting the long-term results after ten years or longer are rare. Therefore we performed a retrospective single-blinded evaluation of ACL reconstruction using a four-stranded single-bundle reconstruction with a semitendinosus tendon graft with extracortical fixation. Methods/Results At follow-up patients obtained at least the same level in the clinical outcome scores (Lysholm, IKDC, Tegner) compared to previous studies with a similar followup time using a STG graft. Furthermore there was no detectable difference in the incidence of osteoarthritis. Patients having a negative pivot shift test showed significantly fewer signs of radiographic osteoarthritis and better functional assessment scores. Conclusion On the basis of our investigation, we conclude that the reconstruction of the ACL by a quadrupled semitendinosus tendon graft with extracortical anchorage can achieve excellent clinical and subjective results after a follow-up of ten years.
Introduction
Reconstruction of the ACL is a well-established procedure worldwide. It is estimated that more than 200,000 ACL reconstructions are performed annually in the United States and the incidence of ACL injury is roughly one in 3,000 per year [1] . There have been significant technical advances during recent decades to treat ACL insufficiency and many studies have documented the successful results of contemporary arthroscopic ACL reconstruction [2] . Therefore several different auto-and allografts have been described. The bone-patellar tendon-bone (BPTB) graft is still one of the most commonly used methods for ACL reconstruction [3] . However, there are several postoperative disadvantages of the BPTB graft, which include anterior knee pain, quadriceps weakness and extension deficit [4] . During the last decade, there has been an increased use of hamstring tendon (HT) autografts. This is because of the lower rate of postoperative morbidity with fewer donor-site complications. However, there are several concerns about the use of HT grafts: failure to achieve immediate rigid fixation to bone, lower stiffness compared with the BPTB graft or the native ACL, risk of increased laxity at mediumto long-term follow-up, tunnel widening, weakness of the hamstring musculature with difficulties controlling internal tibial rotation, and reduced strength in deep flexion [5] .
Although the short-and mid-term outcomes of ACL reconstruction with a HT graft are promising, clinical investigations reporting the long-term results after ten years or longer are rare. Furthermore the quadrupled semitendinosus tendon is larger in diameter and provides a stronger graft compared with combined semitendinosus/gracilis (STG) transplants and even patellar tendon [6] . Furthermore compared to a STG graft the gracilis tendon as an important flexor muscle can be saved. Therefore we performed a retrospective single blinded evaluation of ACL reconstruction using a four-stranded single-bundle reconstruction with an ST graft with an extracortical fixation through an Endobutton CL™ (Smith& Nephew, Andover, MA, USA) and a Suture-Disc™ (Aesculap, Tuttlingen, Germany).
Patients and methods

Inclusion and exclusion criteria
Between 01/2000 and 12/2000 the senior author performed ACL reconstructions in 101 consecutive patients. All patients had an ACL rupture diagnosed on clinical examination and confirmed at arthroscopy. In order to achieve a homogenous cohort we excluded patients with significant chondral damage (grade 3 or 4 according to the Outerbridge classification) (n=8) or concurrent ligamental injuries [previous contralateral ACL injury (n=6), revision ACL reconstruction (n=9), medial or lateral collateral ligament repair (n =6), posterior cruciate ligament insufficiency (n=5)]. Furthermore patients with meniscal tears requiring fixation (n=8) needed a different rehabilitation program and were not included. Eight patients (7.8 %) suffered a graft rupture during the follow-up period. Therefore 51 patients were initially eligible to participate in the study (Fig. 1) .
Surgical technique
All patients underwent a four-stranded single-bundle reconstruction with an ST graft. After performing a diagnostic arthroscopy verifying a complete ACL tear the semitendinosus tendon was harvested through an oblique approach on the medial side of the proximal tibia over the pes anserinus using a closed tendon stripper (Aesculap™, Tuttlingen, Germany). Then the ST graft was cut in half and the free ends were firmly sutured. In both groups the torn ACL was debrided and the anatomical tibial and femoral footprints were identified and left intact. In line with the study protocol the gracilis tendon was always left in situ and was not harvested. First the tibial tunnel was drilled using a 55°d rillguide under arthroscopic view at the posterior part of the middle of the tibial ACL footprint. The tibial starting point was placed more medial than in conventional technique approximately 45°from the mechanical axes in the frontal plane. Care was taken to avoid posterior ligament impingement as the femoral tunnel was drilled through the tibia. The final drilling diameter was matched to the width of the prepared four-stranded ST graft. To create the femoral tunnel a 5-mm offset guide system (Transtibial Femoral ACL Drill Guide™, Arthrex, Naples, FL, USA) was placed transtibially at the posterior margin of the intercondylar notch. With knee flexion of at least 110°a 2.4-mmK-wire was inserted at 10 o'clock (right) or 2 o'clock (left) position with respect to the apex of the notch. After overdrilling the guide-wire with a 4.5-mm Endobutton drill through the femur to emerge on the lateral aspect of the thigh the final femoral tunnel was created by cannulated drills matched to the diameter of the prepared graft. Then the graft was placed and the femoral side was secured with an Endobutton CL™ (Smith& Nephew, Andover, MA, USA). Final tibial fixation was achieved with a Suture-Disc™ (Aesculap, Tuttlingen, Germany) at 30°of flexion after cycling under a manual tension of approximately 60 N.
Rehabilitation
A brace-free postoperative protocol for rehabilitation was used. Range of motion of the knee and isometric muscle exercises were started the day after the operation and gradually progressed on the basis of closed kinetic chain exercises. Knee flexion of more than 90°and walking with full weight bearing was allowed one month postoperatively. Indoor cycling and swimming were permitted after four weeks and running after 12 weeks. High demand pivoting sports activities were allowed after approximately 12 months. Clinical assessment at follow-up
The final examination was performed by two independent and blinded observers (N.A.S., S.B). Both knees of the patient were covered with a stockinette to prevent any information about the operated side and the incisions. The side-to-side anterior laxity was measured using the KT-1000 knee arthrometer (MEDmetric Corporation, San Diego, CA, USA) with the knee at 20°and 60°flexion. An anterior displacement force of 134 N was applied for the tibia of both the injured and the normal uninjured leg. The differences were noted in millimeters. For overall evaluation the International Knee Documentation Committee (IKDC), Lysholm and Tegner activity scores were used. Furthermore subjective evaluation was assessed by a numeric rating scale (NRS) from 0 (very unsatisfied) to 10 (very satisfied).
Radiological assessment
Standard unilateral weight-bearing radiographic examinations in the anteroposterior view with the knee in 30°flexion and in lateral view were classified according to IKDC guidelines as follows: A, normal; B, minimal changes and barely detectable joint space narrowing; C, moderate changes and joint space narrowing of up to 50 %; D, severe changes and more than 50 % joint space narrowing. This grading has been shown to be reliable and reproducible with longitudinal data [7] . The radiographs were obtained twice, immediately after the index procedure and at follow-up. According to the requirements of the local ethics committee weight bearing radiographs of the contralateral limb could not be performed.
The tibial and femoral tunnel were studied directly postoperatively and at final follow-up and were adjusted for magnification. The margins of the bone tunnels could be identified as a thin line on the immediate postoperative radiography and were easy to identify at follow-up. The diameter of the femoral tunnel was measured at one centimetre proximal to the ACL origin and the tibial diameter one centimetre distal to the ACL insertion on the AP and lateral view. Tunnel enlargement was quantified as a ratio between the largest and the narrowest diameter of the tunnel and was compared at the two time points; immediate postoperative radiograph and at follow-up in each patient.
Statistics
All data were tested for normal distribution by means of the Kolmogorov-Smirnov test. Homogeneity of the variances was ascertained by Levene's F-test. We used the Wilcoxon signed-rank test to compare paired continuous variables. Comparisons between the subgroups were performed with the Mann-Whitney U test. Linear regression analysis was performed to assess the relative contribution of selected variables on linear outcomes. Multiple regression analysis was used to assess the relative contribution of selected variables on dichotomous outcomes. All tests were carried out in two directions and a p-value <0.05 was regarded as significant. The statistical evaluation was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
The study was approved by the appropriate ethics committee and has therefore been performed in accordance with the ethical standards laid down in the 1975 Declaration of Helsinki. All persons gave their informed consent prior their inclusion in the study.
Results
Demographic data
According to the above mentioned criteria 51 were initially eligible to participate in the study. Despite extensive searches six patients could not be located, one died from unrelated causes, and four patients declined to participate in the clinical evaluation. Therefore 40 patients (12 female, 28 male) were available for clinical and radiological follow-up at a median of ten years (range, nine to 11 years) after the index operation. The median age at surgery was 29 years (range, 18-52 years). The majority of injuries occurred during sports activity: soccer (n=20), skiing (n=9), handball (n=3) and basketball (n=3). In two patients, injury occurred at work and in three patients during other activities.
Clinical examinations (range of motion, KT-1000, pivot-shift)
At ten-year follow-up a flexion deficit of more than 10°c ompared to the uninvolved contralateral side was observed in one patient. None showed a lag of extension.
The Lachman test was negative (grade 0) in 32 patients (80 %), seven patients (17 %) had a grade 1 test results and one (3 %) had a grade 2 test result. On pivot shift testing 36 patients (90 %) had a grade 0 test result, four patients (10 %) had a glide, none a had a grade 2 test result.
Instrumental laxity testing showed a mean KT-1000 (134 N) side-to-side difference of 0.78±1.85 mm (range, −5 to +5 mm). Thirty-one patients (78 %) demonstrated an anterior laxity difference of less than 3 mm. Six patients (15 %) showed a difference between 3 and 5 mm. Three operated (7 %) knees showed a negative anterior laxity of more than 1 mm compared to the uninvolved contralateral knee (Fig. 2) .
Self-reported data (Tegner activity score, IKDC, Lysholm score)
The evaluation of the Tegner activity score showed a significant decrease from 8 points (median, range 4-9) preoperatively to 7 points (median, range 4-9) postoperatively. 22 patients (55 %) were able to return to their preoperative activity level, while 18 patients (45 %) decreased their activity (Fig. 3) .
At ten-year follow-up the mean IKDC evaluation score revealed 90.3±8.6 points. Eight patients (20 %) had a score of 100 points. The full IKDC assessment showed that 29 knees (72.5 %) had a normal overall IKDC grade (A). The remaining 11 patients (27.5 %) were graded as "nearly normal" (B). No joint was "abnormal" or "severely abnormal" (grade C or D).
The mean Lysholm score was 93.2±7.8 (range 66-100) at follow-up. Twenty-eight patients (70 %) were rated as very good (91-100 points), nine (23 %) as good (84-90 points) and three patients (7 %) as fair (65 to 83 points). None was assessed as poor (<65 points).
While there was no correlation between the functional clinical scores (IKDC, respectively, Lysholm score) and the anteriorposterior translation measured by the KT-1000 arthrometer we found a significant relationship between the pivot shift and the clinical assessment scores. Patients having a negative pivot shift demonstrated significantly better results in the IKDC subjective and Lysholm scores than patients having a rotational instability in the pivot shift test (p<0.001).
According to the numeric rating scale (NRS) the satisfaction with the operative result was 9 (median, range 4-10). Thirty-four patients (85 %) were very satisfied (NRS, [8] [9] [10] and six patients (15 %) were satisfied (NRS, 4-7) with the result of the operation. None was dissatisfied (NRS, 0-3).
Further surgical interventions
There were no intra-or postoperative complications during the inpatient period. Five patients (13 %) had revision surgery during follow-up period. Three patients had a medial menisectomy, two patients had removal of the suture disc due to local mechanical irritation.
As described above there were eight re-ruptures (8 %) of the initially reconstructed ACL grafts (n=101) due to adequate trauma. One re-rupture occurred during the first year postoperative and two at two years of follow-up. Six of the eight patients had revision reconstruction with patellar autograft during follow-up period.
Radiological examination
According to the IKDC guidelines there was a significant aggravation in the radiographic grading over time. As shown in Fig. 4 , 20 (50 %) altered the radiological OA grade during follow-up. To assess the relative contributions of age, BMI, gender, functional outcome, time from injury to index operation, initial or secondary meniscal surgery, KT-1000 and pivot shift a statistical analysis was performed. While no correlation was found for age, gender, time from injury to initial surgery, primary and subsequent meniscal surgery, functional outcome or the KT-1000 arthrometer, there was a significant relationship between a positive pivot shift at follow-up and the radiographic grading of OA. Furthermore. poorer radiographic grading was associated with a higher BMI.
At follow-up, radiographic evaluation showed a tunnel widening in 32 patients (80 %). Even if there was a significant increase in the mean of the tunnel diameter (p=0.000), patients with femoral or tibial tunnel widening showed no worse outcomes, neither concerning functional (Lysholm, IKDC KT-1000) nor radiological status.
Discussion
This retrospective case study was able to demonstrate excellent clinical and subjective results for patients undergoing ACL reconstruction with an autologous four-stranded semitendinosus tendon after a ten-year follow-up. The surgical technique applied in this clinical investigation used the quadrupled semitendinosus tendon, which is larger in diameter and provides a stronger graft compared with combined semitendinosus/gracilis (STG) transplants and even patellar tendon [8] . Furthermore compared to a STG graft the gracilis tendon as an important flexor muscle can be saved. Many authors report only single or double hamstring techniques [8, 9] , others provide results with combined semitendinosus and gracilis transplants [10, 11] or report outcomes for patients with shorter follow-up time [4, 12] . Mid-or even long-term results of ACL reconstruction with quadrupled semitendinosus tendon alone are very rare [16] . This study reports minimum ten-year follow-up results after a standardised arthroscopic ACL reconstruction, which isas far as the authors are aware-one of the longest follow-up periods in the literature evaluating this special technique.
Comparing our results for the stability at the KT-1000 to those in the literature our patients had lower side-to side differences than similar studies [13] . Even though the technique applied in our investigation is similar to others evaluating ACL reconstruction [16] , we can only speculate on possible explanations for the confounding parameters. Maybe positioning the femoral tunnel in a more horizontal way influences the stability, even in the sagittal plane [14] . Nor can we quote any correlation between the side-to-side difference and the measured clinical parameters as the Lysholm or the IKDC scores. Furthermore no relationship could be found with the activity score according to Tegner. We speculate that in patients having a stable knee the amount of sagittal translation has no influence on their daily activity or their physical performance. Even if we reconstructed the ACL with an ST graft alone the patients obtained at least the same level in the clinical outcome scores compared to studies with a similar follow-up time using an STG graft [15, 16] . This is in line with the review by Samuelsson et al. [17] . They could not quote any differences between the selected graft and the self reported data including the Lysholm score.
Another important finding of our investigation was the influence of rotational stability on the incidence of osteoarthritis and the functional subjective outcome. Patients having a negative pivot shift test showed significantly less signs of radiographic osteoarthritis and better functional assessment scores independent of reconstruction. This is in line with the results published by Jonsson et al. [18] and others [19] who suggested a positive pivot shift test as a predictor of later osteoarthritis based on the results of longterm radiographic evaluations. Also Kocher et al. reported a significant relationship between the pivot shift test grades and patient satisfaction, whereas anterior posterior laxity did not influence the patient subjective assessment two years postoperatively [20] . In view of these observations it seems to be clear that one of the main targets of any outcome evaluation of ACL treatment should be the precise documentation of transverse plane rotatory stability.
The radiographic evaluation showed no or only mild evidence of osteoarthritis in 92 % of our patients and 50 % of the patients deteriorated during follow-up. This rate and degree of arthritic change after ACL reconstruction compares favourably with other studies treating ACL-deficient knees. Shelbourne et al. [21] reported 97 % normal or near-normal radiographs in ACL-reconstructed patients five to 15 years after reconstruction, provided both menisci were intact and articular surfaces were normal at the time of surgery.
As bone tunnel widening seems to be significantly associated with hamstring autografts and especially with extracortical fixation techniques such as endobutton fixation compared with other fixation techniques including transfix and interference screw fixation, we specifically focussed on that. Our results confirm the outcomes reported in the literature after shorter periods of follow-up [22, 23] . In 80 % of the patients even after ten years a tunnel widening of more than 50 % could be detected compared to the status of the postoperative radiograph. Patients with tunnel widening did not show worse functional or stability results which confirms the results in the literature [22, 24] . Obviously, bone tunnel widening seems to be associated with this kind of fixation technique, but has no impact even on the longer-term clinical outcome after ACL reconstruction.
As there are several studies reporting on limitations in the range of motion following ACL reconstruction with HT autografts we were unable to detect that in our collective. Only one patient (2.5 %) had a deficit in knee flexion of 10°. In the study published by Liden et al. 35 % of their investigated 36 patients had a limitation of flexion seven years after reconstruction with a combined STG graft [25] . In contrast Keays et al. [10] could only quote a flexion deficit in 3 % of their cases. Our graft failure rate with 7 % is within the level reported in the literature ranging from 0 % to 10 % with quadrupled hamstring techniques [9, 11, 22] .
Some limitations of our study need to be addressed. A challenge when performing long-term follow-up studies is the number of patients lost to follow-up or dropouts. The number of 40 patients and a follow-up rate of over 75 % allow a representative outcome evaluation. Even when assuming a worst case scenario and a complete failure of all patients (22 %) who were lost of follow-up, the outcomes obtained hereby are still convincing and confirm the results reported in the literature after shorter periods of follow-up. Another limitation might be the reliability of the classification of the radiographs, which may be the subject of individual interpretations.
On the basis of our investigation, we conclude that the reconstruction of the ACL by a quadrupled semitendinosus tendon graft with an extracortical anchorage can achieve excellent clinical and subjective results after a follow-up of ten years. Consequently, we believe that it is a safe alternative for the active patient with ACL deficiency.
